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ABSTRACT 
The main purpose of this study was to develop a new design strategy for 
maximum usage of a small space in residential housing. The site location of the 
multi-story apartment was near Taipei University, Taiwan. The projected occupants of 
the building were graduate students and faculty who would enjoy safe, affordable 
housing near the university. An important feature of the design was to maintain 
harmony with the surrounding area and other residential and multi-purpose buildings, 
as well as provide tranquility within each apartment unit and the natural 
surroundings- a canal stream and a nearby future park. 
Three objectives guided this research: (1) provide a comfortable space by 
using different design methods; (2) apply an efficient design for space-saving; and (3) 
experiment using different materials in an efficient design. 
Concepts learned from case studies of multistory apartments and small space 
design principles were applied in the efficient apartment design. Some of the design 
principles investigated were: proportion, scale, modular, transparency, light, spatial 
layering and multifunctionalism as they apply to creating tranquility in an efficient 
space-saving design in a large metropolitan city. 
Although, the apartment building designed in this research was for a specific 
location to blend in with its surroundings, some of the principles applied might be 
useful in future studies of multi-story housing for dense populations. Additional 
creative designs by architects will be needed to achieve more efficient designs in the 
future, especially as housing trends and preferences change over time. 
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CHAPTER 1. INTRODUCTION 
Background of the Study 
Great architectural works are not necessarily those 
that are measured by the number of square meters or foot. 
Creation depends on the space and possibilities that it affords. 
Alejandro Bahamon 
As time goes by, the design trend of architecture has changed several times 
since World War I. From Mies van der Rohe to Louis Kahn, from Frank Floyd Wright 
to Frank 0. Ghery, the architecture design method has changed from simple to 
complex, from complex back to simple. Changes have occurred not only in form but 
also in material. 
In many Asian countries, people must live in a limited space, with the space 
usually multifunctional and containing diverse architectural elements. To save 
building costs and space architects may use various methods to design houses or 
apartments (Figure 1.1 & 1.2). This situation also occurs in some European countries 
and in large cities around the world as well. 
Constrained by limited building construction budgets and the physical area of 
the sites, architects must strive to design houses to satisfy building codes as well as 
clients' expectations. In addition, since more people live in very large cities or in 
limited spaces, the trend for architects to design buildings with consideration of the 
different ways to reduce cost while increasing efficiency of space usage. 
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Figure 1 .1 . Capsule hotels in Japan Figure 1 .2. Yacht interior 
Definition 
The word efficiency is defined as follows in Merriam-Webster's Collegiate® 
Dictionary (1 oth Edition): 
1. the quality or degree of being efficient, 
2 a. efficient operation b (1) : effective operation as measured by a 
comparison of production with cost (as in energy, time, and money) 
(2). the ratio of the useful energy delivered by a dynamic system to 
the energy supplied to it 
3. EFFICIENCY APARTMENT: a small usually furnished apartment with 
minimal kitchen and bath facilities. 
Therefore, in order to maximize the usage of space, the word efficiency can represent 
the means to fulfill the limiting criteria of a certain place, situation or event. When this 
term is applied to design, it results in an efficient design. For example, the design of a 
yacht, mobile home, or a space shuttle are good examples of efficient design. For 
limited space in yachts (Figure1 .2) or mobile homes, the space is restricted in certain 
areas; however, the basic functions and furniture must be included in the design. 
Under similar circumstances, architects need to consider efficiency when designing 
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some architectural buildings such as small homes, jails and high-density apartments. 
One of the aspects of efficiency is that the desired effects are produced without waste. 
Thus, when making a new efficient design, two basic criteria are considered: 
1. Productive 
a. create more useful space 
b. increase effective energy usage 
2. Reductive 
a. reduce building materials cost 
b. reduce lost energy 
Selection of Building Type 
Since the topic of this research was, "Efficient design in high density 
residential housing," the goal was to design a high-density apartment in a big city. 
Three main reasons were considered in the selection of residential housing as the 
building type. First, the original inhabitants on earth lived in caves, trees, and other 
such primitive dwellings. Since then, many methods have evolved in design for living 
comfortably and safely in residential structures. Most people spend at least one-third 
of their lives in residential housing. Thus, residential housing is a basic need for 
humanity. If the criteria and methodology of efficient design can be set up as a 
standard in residential housing, it also can be used as a guideline or a milestone for 
other types of buildings. 
Second, building codes for residential housing are more restricted than most 
other types of buildings 1. Thus, it is often more challenging to design residential 
1 International Building Code (CA, International Code Council, Inc. 2000) 
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housing than other types of buildings. Third, the site chosen for the study was located 
near a national university in Taipei, Taiwan. This enabled the researcher to design an 
apartment that relates to campus life and activities in the surrounding area. 
Site Selection and Analysis 
Selection criteria 
The site was selected based on several criteria (Figure 1.3). First, the site 
needed to be located in a large city. Since real estate in many metropolitan areas is 
more expensive than in suburban areas, much greater attention must be given to 
space saving. Second, because the surrounding area should provide multiple living 
functions, it is advantageous for the site to be in a residential area that is closer to a 
higher educational institution. The reason for these criteria was to provide a greater 
number of living functions involving the site as well as a well-regulated property. 
Furthermore, because the building type was residential housing, the site needed to 
satisfy the building codes for residential districts. 
On the other hand, if the site is near a higher educational institute, then the 
building could serve as a student apartment for low-income dwellers yet provide a 
higher quality of living, which was a key concept in this study-efficiency in living and 
reduced cost in building. A third criterion was the site must be located in an area with 
limited congestion due to traffic. This limitation was considered due to fast pace of life 
generally encountered in large cities. Worldwide, life in most big cities is fast paced, 
and people are forced to deal with congestion and traffic as habitual problems. If a 
site is selected in a place where public transportation is convenient and the 
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Figure 1.3. Aerial photo of the site 
surrounding traffic conditions are good, then the building cost as well as limited 
parking space can be reduced. 
Overview of the site and site analysis 
According to the above criteria, a residential neighborhood near an 
occupational institution was selected in the Da-An District of Taipei (Figure 1.3). 
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Economically, Taiwan is ranked 19th in the world2 . Taipei is also the largest city in 
Taiwan. According to a population survey report the population of Taipei city was 
2,621,441 in 2002, and the population of the Da-An district was 312,281. The 
average temperature of Taipei is 72°F and average humidity is 74%. Typhoons 
frequently strike the city in summertime and earthquakes of >6 Richter scale occur 
once in 20 years. Therefore, the choice of building material was extremely important. 
The site was located on Hsin Shan South Road in the Da-An district, with the nearest 
educational institution being National Taiwan University. This district is well known as 
being the optimum choice for living and studying. 
Since the research involved the design of an apartment, a survey of potential 
dwellers and nearby apartments was taken among 50 graduate students and 25 
faculty members (age< 35). The results are shown in the appendix. The results 
indicated that most respondents preferred to live in a quite place. In addition, the 
majority used motorcycles as their main transportation method, therefore, parking 
space for a motorcycle would be appreciated. The survey results also indicated that 
half of the young faculty members planned to purchase an apartment, whereas the 
graduate students favored leasing such the apartment. Thus, there was considerable 
interest in the current study. 
Based on the survey, a site was selected for the construction of an apartment 
for single young faculty members and graduate students. As shown in Figure1 .4, an 
analysis of building height in the surround area indicated that most buildings at this 
2 http://multilingual.mofa.gov.tw/ (1999, Taipei) 
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location were seven to eight floors tall. Consequently, the apartment design was a 
maximum of eight floors to maintain unity within the area. 
Problems regarding density of the area 
The total area of the site is 4105 square feet. The project is intended for 
students and single faculty members of the university and the minimum total area for 
a studio apartment is around 300 square feet3 . In order to provide maximum use of 
the space and to meet the building codes, the site must be divided into several parts 
with limited public and parking spaces due to the tiny site area. In addition, the site 
must be related to a future park on the south side. There is an old canal near the 
future park which must be considered in the design as well. As mentioned previously, 
the site is located in Taipei, therefore, it is subjected to typhoons and earthquakes. 
Thus, the building materials must resist certain degrees of stress from earthquake 
and typhoons. 
Purpose and Objectives 
An eight-story apartment was designed in this research that considers the 
limitations of the building codes while fulfilling the comfort zone regarding several 
aspects. Three objectives (i.e., theoretical parts) guided this study: 
1. Provide a comfortable space by using different design methods; 
2. Apply an efficient design for space-saving; and 
3. Experiment using different materials in an efficient design. 
3 International Building Code (CA, International Code Council , INC 2000) 261 
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The purpose of this research was to study architectural design for an apartment that 
combines efficient building technology and methods. The design not only provides 
maximum flexibility in arrangement of space layout and interior setting but also 
considers the relationship with the future park next to it. members of Taipei University, 
the practical needs of this space-saving apartment According to a survey conducted 
in 2004 among the graduate students and faculty must satisfy three aspects: 
• Safety 
• Affordability 
• Tranquility 
Therefore, the design focused on creating a comfortable and affordable environment 
for students and faculty members. 
Methodology 
The methodology involved in this architectural design was developed through 
three steps that employ case study research: 
1 . Review the study of multistory housing and mini housing in order to 
understand the building codes and the basic setting of a multistory apartment; 
2. Analyze several modern architectural works that demonstrate the quality of 
space-saving to consider the form for the proposed design to be generated 
through the further analysis of the site, occupants, and space program; and 
3. Review the study of interior design in a tiny space to understand furniture 
design and space arrangement of each single space in the project; in this step, 
the principles of the small space design are presented. 
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CHAPTE~ 2. CASE STUDIES OF MULTISTORY APARTMENTS 
Overview 
In modern residential architecture, the apartment is one of the most common 
types of housing in large cities. Due to land use and the rising value of real estate, 
the future need for apartments of all kinds will be greater than ever before. 
According to data published by the National Association of Home Builders (1980:2), 
the number of rental apartments for young people(< 25 years of age) in 1975 nearly 
doubled over those in 1965. Because fewer young people can afford the price of a 
new apartment, real estate builders have been forced to build more economical 
apartments, especially in high-density areas such as New York and Tokyo. Due to 
limited space, changes have occurred over time in the form, material, type, and style 
of new apartments. In the following case studies, several common and unique 
designs broadly used from 1950 to 1980 were studied. One of the goals of this 
research was to understand the process of design of an apartment, particularly for a 
high-density population area. Therefore , the purpose of reviewing these case 
studies is to illustrate the characteristics and process of design. 
Form and Site Plan 
Forms are related to each architectural project, thus an appropriate form for a 
site plan or building should make the architecture fit into the site and the surrounding 
area. Several basic forms and site plan methods are used when designing an 
apartment or a group of townhouses (Figure 2.1 and 2.2). 
0 
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Free-form road pattern deter-
mined by terrain contours 
Figure 2.1. Basic site plans 
D ~ 
Square H 
QY~V 
Hexagonal T . Triple Core Tripod 
~~~ 
Offset Slab Z-Sh ed ap Chevron Rectagle 
Figure 2.2. Basic forms 
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Circulation Type 
Apartment design is comprised of two circulation types: vertical and 
horizontal. Within each category, horizontal circulation employs two common types: 
central corridor and open corridor (Figure 2.3), and vertical circulation employs four 
basic types: single-loaded corridor, doubled-loaded corridor, skip-stop plan, and 
tower plan (Figure2.4). 
.lPARTM E:NT 
' 
APA~TMENT APARTMENT\,- AP'ARTME1'-IT 
Center Corridor 
>• ... 
~ · '.:ii; 
APAJ!:t;'l"'lt,.!£t'.,jT 
, •,i; 
' * 
' 
OPEN CC?R.,,,~IOOFI 
Figure 2.3. Horizontal circulation in apartment design 
Single Loaded Corridor Double Loaded Corridor 
I I 
Tower Plan Skip - Stop Plan 
Figure 2.4. Vertical circulation in apartment design 
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Case Studies 
Case one: Simple form and site plan 
A well-articulated design is the most common design in a townhouse and 
groups of apartments. The form of the apartment is usually shaped in very simple 
geometrical forms such as rectangles, triangles, or squares. The project in this case 
is located in Tokyo (Figure 2.5). The architect organized the building by use of 
repeated rectangle-shaped apartments and created the central courtyard for a 
public space. One of the typical characteristics of the geometrical form apartment is 
that the buildings are usually organized into several groups and the group facing the 
main road follows the contour of the road. In addition, the community usually 
consists of a center 
Figure 2.5. Site plan of the Do-Mo apartment complex in Tokyo 
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space in each group. This strategy combines two types of site plan strategies: (1) 
grid or rectilinear pattern; and (2) free-form road pattern determined by terrain 
contours (Figure 2.1 ). 
Case two: High-rise apartments 
The second case was designed by Architects Samuel Paul and Seymour 
Jarmul in Boston, Massachusetts (Figure 2.6). It is a 30-story tower containing 282 
apartments and 3 levels of parking for a combined total of 270 cars. The main 
characteristics of high-rise apartments are the shapes of the building and the 
materials. 
TOWER FLOOR PLAN - l 3 TH ro 27TH l"LOO~ 
Figure 2.6. Site and floor plans of the Jamaicaway tower and townhouses 
15 
The common shape of a high-rise building is rectangular, and the common materials 
are reinforced concrete and steel. Additional details must be considered when 
designing a high-rise apartment building, such as fire building codes and the HVAC 
(Heating Ventilating Air Conditioning) system. 
Case three: Condominiums 
Condominiums, commonly referred to as condos, are somewhat different 
from other multistory apartments. The building height ranges from 5 to 14 floors. 
Due to the definition of a high-rise building, the height should be > 195 ft. Most 
interior designs of condos are symmetrical. In the two Puerto Rico high-fashion 
projects shown in Figure 2.7, the first levels were designed as a parking space. 
Similar projects are found in large cities, in which the parking space is located in the 
basement to save space. 
~·---~------ ----
Figure 2.7. Condos located in Puerto Rico 
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Case four: Center form that is copied/repeated 
The third example is the well-known Marina City (Figure 2.8) located in 
Chicago and designed by Bertrand Goldberg who is a student of Mies Van de rohe. 
The project is a 60-story apartment building next to the Chicago River. The building 
is shaped in the simple form of a circle. Therefore, in order to keep the circulation 
and the space organized, the architect is restricted to place the elevator and fire 
stairway in the center of each building. This is a good way to save space and reduce 
building cost. The other significant feature of this apartment design is that the form is 
repeated from the ground floor to the top floor, and the balcony for each unit is 
repeated as well. This also lowers the building costs. 
Nevertheless, there are disadvantages in center form arrangements. First, the 
shape and the space are restricted; the spacf? can only be repeated and copies of 
the design can be perceived as boring. Second, in order to keep the elevator and 
fire 
Figure 2.8. Floor plan perspective in center form apartment design 
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stairway in the center, the circulation must be placed in the middle of the space. 
Therefore, circulation facing outside is lost. 
Case five: Skip stop 
Usually, an efficient design is difficult to achieve when each unit in an 
apartment contains two stories. In such a case, the skip-stop is one of the 
successful design methods that can be considered. In a project for graduate student 
housing at the University of Toronto (Figure 2.9 and 2.10), the architect, Morphosis, 
. who was influenced by skip-stop types when he was a student at Harvard University, 
successfully used the skip-stop design to reduce the number of corridors and make 
the design more efficient. The skip-stop plan was developed in the mid 1920s, as a 
design method to share the space occupied by the stairway. Later, skip-stop was 
included in elevator movement. If a building has two elevators, one elevator will stop 
at the even floors and another one will stop in the odd floors. Well-planned skip-stop 
design can reduce the number of corridors and electrical demands of the elevators. 
Figure 2.9. Perspective view of graduate student 
housing, University of Toronto 
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SEVENTH FLOOR 
1. Entry 6. Single-story units 
2. Lobby 7. Skip-stop 11ni1s 
3. Terrace 8 . Upper cornice 
4. Office 9. Garbage chute 
s. Cafe 
SECOND FLOOR 
FIBST FLOOR 
Figure 2.10. Floor plan of graduate student housing, University of Toronto 
Summary 
Several apartment types were studied to generate ideas regarding form and 
type for an efficient design. These basic forms have been widely used in the design 
of middle-height (5-story to 14-story) apartments as well as high-rise apartments. 
Especially in high-rise apartments, a simple form can be applied to reduce wind load 
while increasing space-saving. Some common design methods are based on the 
concepts of center court and repetition. Additionally, there are symmetrical and 
skip-stop concepts. In most multi-story housing, symmetrical plans are used in the 
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living unit; the benefit being space arrangement efficiency. The skip-stop concept 
can also reduce redundant corridors. 
Several apartment types, such as the Raisin Bui lding in Germany (Figure 
2.12) designed by Frank 0. Gehry and Vladimir Milunic, combine multiple features 
in apartment design. There are many other factors that should be taken into 
consideration in the design process, such as site planning (program of requirements, 
zoning, philosophy of planning topography, etc.), structural design (wind loads, 
column spacing, size and shape, column pick-up, etc.), and sound control. These 
factors will be described in further detail in Chapter 4, design concept and process. 
Studies on small space design are discussed in the following chapter. 
Figure 2.12. Raisin Building, Germany 
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CHAPTER 3. CASE STUDIES OF SMALL SPACE DESIGN PRINCIPLES 
The technology of conveyance has made great progress since the Industrial 
Revolution. For example, the automobile industry and the boat industry have 
changed their designs as new ideas have occurred. Throughout the decades, 
industrial designers have tried to design more efficient vehicles to save energy and 
maximize space usage. A good example is the invention of sports utility vehicles 
(SUVs) (Figure 3.1 and 3.2). Most SUVs emphasize multifunctional use and flexible 
use of space. From an exterior view, SUVs are not very large, but the interior space is 
well organized and useful. Another example is yacht design which is a luxury facility 
that fulfills the functions of a small living space while sailing at sea (Figure 3.3). This 
space must be well-designed to provide comfortable feeling inside the yacht. 
Based on the concepts used in automobiles and yachts, a series of studies 
were conducted in interior design methods for space saving, and a review was made 
of modern architecture interiors (especially for small or mini houses). These studies 
provide information and ideas for space saving, and methods to design a space that 
is comfortable and spacious. 
Figure 3.1. Honda side view of exterior Figure 3.2. Interior view from sunroof 
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James Gauer (2004:25) indicated, "The design of small spaces requires no 
magic. It requires and understanding of basic human needs. It requires an ability to 
manipulate space. It requires a willingness to abandon conventional thing." In order to 
design and organize a small efficient apartment, there are several basic principles 
that can be used in most circumstances: 
1. Proportion 
2. Modularity 
3. Scale 
4. Transparency and Spatial Layering 
5. Light 
6. Multifunctional 
7. Simplicity 
These principles apply to buildings of all sizes, and especially to small efficient 
apartments. Their impact on a small space is generally more intense than on a large 
space. In the following case studies, each principle is discussed with a case to 
provide an example. A design solution will be presented in Chapter 4, Design 
Strategy. 
Proportion 
Proportion refers to a mathematical relationship between the dimensions of 
architectural elements (New American Dream, 2004:27). The height, length, and 
width of a space or smaller elements such as doors, windows, moldings, fireplaces 
and furnishings should relate to each other in a harmonious way. Proportion should 
follow human scale. When designing a small space, basic geometric forms such as 
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squares and rectangles provide one with the fundamental tools of proportion. A 
well-proportioned room imparts a satisfying sense of order and calm. 
Gauer Goldsmith Apartment 
The Gauer Goldsmith apartment is a 200 sq ft, one-bedroom unit located in 
Manhattan, New York. As illustrated in Figure 3.3, rooms that are based on geometric 
figures such squares can be very satisfying. The double-square proportions of the 
apartment made its elegant layout possible. 
Figure 3.3. Interior view of the Gauer Goldsmith Apartment 
Modularity 
Modularity is related to proportion; it is a variation on proportion (New 
American Dream, 2004:55). Modularity is the means to achieve the right proportion 
and economy at the samJ time. Le Corbusier developed a proportioning system 
which he termed modular. Currently, modern architects use computer-aided design 
programs such as AutoCAD to develop the correct proportion and modularity. The 
grid in the CAD program , nables the architect to consider the right proportion for 
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each architectural element simultaneously. Architects who have proportioned 
modules in mind use this software to design and build houses at a reasonable cost. 
Bar_Code Housing System 
The Bar_Code Housing System (Figure 3.4) is a computer-aided design 
system developed by a Spanish architect group for housing blocks built using 
industrialized processes. By analyzing the widely used bar code system, the 
architects developed housing units and a linear block (combination of staircase and 
outer walkways) into several modules. 
lLJJ =_u 
fil_]Jj 
Figure 3.4. Bar_Code Housing System 
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Scale 
Scale is a consequence of proportion (New American Dream, 2004:79). It 
refers to the observed relationships among the overall sizes of architectural elements. 
For example, if the proportion is related to the height of a door relative to its width, 
then the scale is about the size of the door relative to the size of an adjacent window. 
Additionally, it is also about the size of the door relative to the size of a person who 
walks through it. Proper scale is an important factor of all good architecture, 
especially that of designing for a small space. Architects should focus on the correct 
scale and the relationship between human size and the architectural elements. 
Maiensass cabin 
A project designed by Bearth & Deplazes Architeckten entailed rebuilding an 
old cabin whose total area is 700 sq ft. As illustrated in Figure 3.5, by using the simple 
method of dividing the space into 4 equal pieces, the architects accomplished their 
vision of proper scale for a small house. 
Transparency and Spatial Layering 
"Illusion is the first of all pleasures." Oscar Wilde 
In order to achieve the illusion of more space, transparency and spatial 
layering become an important method in design. Transparency means being able to 
see through a space from inside to outside, or front to back, or both. Spatial layering, 
on the other hand, is a way to achieve transparency and to create views through 
different layers of spaces. 
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Figure 3.5. Floor plan and elevation of the Maiensass cabin 
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There are two strategies in creating spatial layering. One is the enfilade, which 
is a continuous set of rooms that open to each other along one axis. Another is the 
open plan which causes the space to become a large open area instead of several 
small areas. This concept was created by early modern architects, including Frank 
Lloyd Wright, and Mies van der Rohe. 
Robie house 
In some projects designed by Wright, multiple spaces were arranged along the 
central cores. The Robie house provides an illustration of this feature (Figure 3.6). 
llT Crown Hall 
In houses and apartments designed by Mies van der Rohe, floating wall 
planes and a large amount of glass wall were used to make a barrier between the 
inside and outside virtually invisible, llT Crown Hall is a typical Mies style architecture 
(Figure 3.7). The interior is divided by free-standing oak partitions that demark 
spaces for classes, lectures, and exhibits. The exterior glass walls distinguish the 
space but also maintain the transparency at the same time. 
Light 
"No space, architecturally, is a space unless it has natural light. " 4 Louis Kahn 
Light is the source of all being. The architecture is nothing without light, 
especially natural light, which plays an important role in architecture. It not only 
illuminates exterior forms and interior space but can also make them vivid. While 
4 http://home.planet.ni/- jvansant/zkahn.htm 
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Figure 3.6. Robie house 
28 
Figure 3.7. llT Crown Hall 
designing a small space, more light can create the illusion of enlarged space. Light 
can transform the space into art by varying the contrasts from different sources of 
light. 
Residential conversion of a fire station 
The clients of this project bought the top two floors of a fire station in London. 
As illustrated in Figure 3.8, their objective was to find an imaginative way of 
transforming the original poorly lit space with small windows into a light-filled house. 
The architect successfully executed the masterpiece by using three key elements: a 
roof top conservatory, a flight of stone steps and a three-story storage wall. 
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Figure 3.8. Section of the firehouse apartment 
Multifunctionalism 
In a small space every nook and cranny is precious, and needs to be designed 
and used wisely. The idea of a multifunctional room is considered traditional but it is 
actually a rather new concept. Until the 19th century, an individual function for each 
individual room was one of the traditional design concepts. A good example is the 
luxury Victorian house which has separate rooms for each individual function. 
However, in these older designs, there are often too many redundant rooms, leading 
to the concept of multifunctionalism as a more efficient mechanism. The concept of 
multifunctionalism can be used not only in designing the space but also in selecting 
the interior architectural elements. 
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Multifunctional designs for space-saving 
The first example of a multifunctional design for space-saving is a home studio 
for a graphic designer in Italy. As illustrated in Figure 3.9, the architects fully utilized a 
space under staircase. The space, thereby, became better organized. 
The second example is an apartment in Taipei city. As shown in Figure 3.10, 
the interior designer developed the floor system to create a space under the floor for 
storage. Currently, this design method is widely used. 
The third example is a multifunctional room designed by Cobuild Design 
Associates. As shown in Figure 3.11, the architects designed a system that enables 
the bedroom to play two different roles: one for daytime, and different one for 
nighttime. 
Figure 3.9. Space under staircase Figure 3.10. Multifunctional storage 
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Figure 3.11. Design of a multifunctional room 
Simplicity 
The concept of "less is more" was developed by Mies Van de Rohe. In order to 
reduce building costs, efficient housing must have relatively simple architectural 
details and finishes. Simple accessories can, however, be both smart and stylish at 
the same time. Hence, an efficient apartment should not reflect details that are too 
finicky. 
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Apartment in Stockholm 
The task of this project in Sweden was to create a comfortable, uncluttered 
living space in a very small area. Thus, in the furniture design activity, the architects 
selected and designed simple-form furniture to accomplish the task (Figure 3.12). In 
this project, the concept of simplicity was very successful in which simple furniture 
and design made the room not too fussy but comfortable. 
Figure 3.12. Simple design in a bathroom 
Summary 
Through the study of the seven principles in designing in small spaces, more 
design methods and concepts can be developed to organize a space. This does not 
mean that these concepts apply only to small spaces. Good design often applies to 
average-sized spaces as well. Currently, many industries emphasize small, compact, 
and efficient products. One example is the small Mini Cooper automobile for use in 
large cities. 
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Architectural design is no exception, and will certainly follow this trend toward 
efficiency. How does one save space, create more space, or make a space looks 
bigger? A designer's creativity can transform a single space to become a 
multifunctional space. In addition, by using different materials in design, one space 
can be distinguished another. The principles mentioned in this chapter may not fulfill 
all needs for space design. Other methods may also be applied to improve a design 
and to solve additional problems related to small spaces. Such problems could 
include building codes, a client's unique needs, as well as other factors. In the next 
chapter, a design strategy is presented to solve problems existing in small site 
design. 
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CHAPTER 4. DESIGN STRATEGY 
Site 
As mentioned in the Chapter 1 , the site in this research was located in 
metropolitan Taipei, the largest city in Taiwan. If a word can be used to describe the 
site, it would be "interesting". The site (Figure 4.1) is near the intersection of two 
major roads : Hsin Hi Road is part of the Chung Sheng highway system; and Hsin 
Sheng South Road is the main connection of the Da-An district and Sung Sheng 
district. It takes about 10 minutes to drive from the site to the Taipei railway station. 
There are two subway stations within 500M distance. Thus, the transportation for the 
site is very convenient. 
.... ., 
National Taiwan Universi~ 
" 
Figure 4.1 . Site map 
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Analysis 
As illustrated in Figure 4.2, the site is surrounded by three different areas: 
education, commercial, and residential. In Taipei city, nearly 80% of the people live in 
the residential area. However, due to the limitations in land use, many commercial 
areas are mixed with the residential area. For example, the building on the south side 
of the site represents the type of mixed land use encountered in building type (Figure 
4.3). The first floor of the building is used as a private hospital while the rest of the 
floors are residential. 
• 
National Taiwan University 
Figure 4.2. Site area analysis 
D Education 
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Figure 4.3. Mixed land use south of site 
East of the site is the National Taiwan University, which was founded in 1928. 
It is the oldest and most prestigious university in Taiwan, with most students coming 
from different cities in Taiwan. Thus, there is a great demand for apartments in this 
area. North of the site is a reserved space for Future Park, and one block away is the 
oldest irrigation canal, Liu Kung Stream (Figure 4.4). There is a seven-story 
community church on the west side of the site. As shown in Figure 4.5, the site is 
Figure 4.4. Liu Kung Stream 
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KEY: A- site; 13-Future Park: C- Liu Kung Stream: 0 - National Taiwan University 
Figure 4.5. Influence to the site by three main areas 
influenced by three main areas: National Taiwan University, Future Park, and Liu 
Kung Stream. The main inl\uence ol the University to the site is the interaction 
between the site, and the students and faculty members. Demands tor apartments 
create a great opportunity to build an efficient apartment proiect. The inl\uence ol 
Future Park and Liu Kung Stream is they provide a possibility tor connection and 
extension of the site. 
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Forces 
• The main entrances of the site will face Hsin Sheng South Road on the east 
side (Figure 4.6 - 4.8). Since the adjacent buildings on this side all follow form 
face of the road, the building will continue to follow this form. 
• On the south side of the site, the alley is only 16 ft wide. Most buildings on this 
side are five to seven floors high, therefore, the building will be seven to eight 
stories in height in order to be in harmony with the surrounding buildings. 
• On the north side of the Future Park area, the force of the site will be a nature 
force, assuming no buildings taller than two floors are built. It is very tricky to 
design the landscape for a site next to the Future Park. The design must be 
flexible and changeable in order to match the Future Park area as it develops. 
• The final concern for the site is light. On the north side, there is an eight-story 
building, but the site is too small for an open atrium. Therefore, a great number 
of windows will be necessary to admit natural light. 
Figure 4.6. Aerial view of Hsin Sheng South Road 
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Figure 4.7 Street-level view from Hsin Sheng South Road 
Figure 4.8. Birdseye view of the site 
Design Program for the Study 
As mentioned previously, the purpose of the study was to design an efficient 
apartment structure for graduate students and young single or married-couple faculty 
members of the National Taiwan University. The design program is discussed in the 
following subsections. 
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Occupants and their characteristics 
The main concept of the project was to design an efficient apartment for a 
small site. The occupants can be grouped according to two types: public occupants, 
and private occupants. 
Public occupants 
Since most buildings along Hsin Sheng South Road are mixed-use buildings, 
the program of the project included one or two public spaces for the neighborhood. 
Two main characteristics of the public occupants were considered: mobility and risk. 
The public occupants will be mobile, i.e., they will not stay in the building for long 
periods of time. The public occupants also need to be restricted in a certain area for 
safety reasons and to protect the privacy of the private occupants. 
Private occupants 
The private occupants are the residents of the apartments; most of their 
activity will be either in their apartment or in the public space of the apartment 
complex. According to the survey conducted for this research (see Appendix), the 
main characteristics of private occupants are that they are well educated and prefer a 
quiet, safe place. Additionally, because the apartment will be a small efficient 
apartment, the occupants may have trouble getting used to a tiny space. Thus, it is 
very important that the space be well designed and comfortable. 
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Space program 
The spatial organization for the building is illustrated in Figure 4.9. Following is 
a brief description of the space. 
1 . Lobby: 1 000 - 1500 sq ft (public) 
The lobby must have mailboxes, a counter for security guards, and a waiting 
area. This will be the place where mixed public and private use mostly occurs. 
2. Convenience Store: 200 - 300 sq ft (public) 
The convenience store will only provide very basic needs for daily life. There 
should be a loading area for the store. However, due to the limitations of land 
use, most convenience stores in Taiwan do not have loading areas. 
3. Garden: 1000 - 1500 sq ft (public) 
The garden must be connected to Future Park and Liu Kung Stream. The 
garden will also need to connect to the building. 
4. Fitness Center: 1000 - 1500 sq ft (neutral) 
The fitness center will provide facilities for both public and private occupants. 
5. Restroom: 350 - 400 sq ft (public) 
6. Multipurpose Room: 80 - 100 sq ft (private) 
7. Mechanical Room: 300 - 500 sq ft (private) 
8. Parking: 10 - 20 cars and 15 - 30 motorcycles capacity (private) 
9. Laundry: 250 - 300 sq ft (private) 
This laundry will be limited for use by those who live in the studios. 
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Figure 4.9. Spatial organization 
10. Studio type I (private): 350 - 400 sq-ft 
This studio will not have a kitchen, or washer and dryer; it will be suitable for 
graduate students who rarely cook. 
11. Studio type II (private): 400 - 450 sq-ft 
This studio will have a kitchen but still no washer and dryer; it will be suitable 
for graduate students or single faculty members. 
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12. One-Bedroom apartment (private): 550 -600 sq-ft 
This apartment will have a kitchen, a washer and dryer set, and one or two 
balconies; it will be suitable for single faculty members. 
13. Two Bedroom apartment (private): 650 - 700 sq-ft 
This apartment will have a kitchen, washer and dryer, and one or two 
balconies; it will be suitable for faculty couples. 
Design concept 
There were two basic concepts in this research project. The first was to 
maximum usage of the site under the program criteria. The second was to 
communicate with the surrounding area, especially Future Park and Liu Kung Stream. 
In order to reach the concept of maximum usage, a theory of 3-axis movement was 
developed to illustrate the possibility of using the space more efficiently. Figure 4.10 
depicts the relationship among the space and the elements inside the space. The 
color cubes inside the space present the moveable architectural elements. 
Figure 4.11 illustrates the relationship among the space and the elements of 
the space in 3-axis; the columns indicate the structure of the space, the grey cubes 
indicate the unmovable element of the space, and the color cubes indicate moveable 
elements in different axis. Thus, every space can be divided into a series of cubes 
and moveable and unmovable elements analyzed by two rules: 
1. The building code requirements for each space; and 
2. The circulation of the space. 
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Figure 4.10. 2-D space analysis 
Figure 4.11. 3-D space analysis 
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Ideas from case studies applied in the design 
Several ideas for the efficient apartment design were generated based on a 
review of case studies discussed in Chapter 2: 
Center and copy: Due to the limitation of the site area, the center core rule was 
used which is generally applied in high-rise residential buildings. The four units on 
each floor are symmetrical to each other and, from the third floor to eighth floor, the 
units are repeated to maintain the shape and space being organized. 
Parking space for the condos: A ramp-less parking space was designed for the 
basement with automobile elevators to increase space usage. 
Proportion: The form and the interior space arrangement are combinations of 
simple geometric forms. These simple forms keep the proportions of the small space 
better organized with a certain order. 
Transparency and Spatial Layering: The building contains many windows in 
order to admit light and create an illusion of more space. Meanwhile, by using 
different heights of each floor and mixed functions of the floors, the building is layered 
under a spatial order. For example, the path from the ground floor is a mixed layer 
between public and private use. 
Multifunctionalism: The interior design of each unit presents the concept of 
multifunction. As illustrated in Figure 3.11, the bedroom uses a pull-down bed to save 
space. During the day, the bedroom is used as an office, while at night it becomes a 
bedroom. In addition, some multifunctional appliances, such as a combination 
washer and dryer, are used in this project. 
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Simplicity: Both the form and the interior design are simple. Each element of 
the building was designed to be simple. Therefore, there are no fancy or complicated 
structures or designs to make a small space complicated. 
Form development 
A series of the forms for the projects were developed using the criteria 
mentioned previously and the original form of the site. As illustrated in Figure 4.12, in 
phase one, a shape following the form of the site was created and each room on 
every floor is defined as a cube. Phase two and three were accomplished by using 
the strategy of divided space and taking the contour lines from the surrounding 
buildings (Figure 4.13 and 4.14). The design ideas of phase four and five (Figure 4.15 
and 4.16) were to divide the building into three separate buildings and define the 
space between them. Phase six (Figure 4.17) includes the last two preliminary 
versions before the final layout, which maintained the same concept of the previous 
phase, which keeps the elevator in the center of the building in order to break the 
solid form of the building. However, this program is not workable for several reasons. 
First, the elevator's position reduces the basement usage. Second, the atrium is too 
small and loses the idea of bringing natural light into the building. Third, there are 
insufficient fire stairs between the sixth and eighth floors. 
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Figure 4.12. Phase one - form design 
Figure 4.13. Phase two - form design Figure 4.1 4. Phase three - form design 
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Figure 4.16. Phase five - forms and concept model 
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Figure 4.17. Phase six - form design 
Spatial layout and circulation of the final design 
According to the program and the concept of efficient design, the final 
scheme was comprised of four parts: 
1 . First floor (Figure 4.18) 
a. Most of this part is public space. The main ci rculation is the hallway from 
the entrance on the east side of the building to the garden. For people who 
want to go to the fitness center on the second floor, they can either walk 
through the stairs besides the counter or walk to the garden and follow the 
ramp of the walkway to the fitness center. 
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KEY: Red Arrow: main circulation; Blue Arrow: minor circulation; 1. lobby; 
2. convenience store; 3. laundry; 4. restroom; 5. multifunction room; 7. garden 
Figure 4.18. First floor plan 
b. The garden was designed in 3 parts (Figure 4.19). First, the water 
follows the movement of the old Liu Kung Stream. Second, the open 
landscape is for a connection to Future Park. Third is the walkway to 
the roof of the parking elevator garage and then to the fitness center on 
the second floor. 
2. Second floor (Figure 4.20) 
A number of large glass windows are used to admit natural light. In 
order to get nature light into the fitness center, a great number of large glass 
windows are used. This design strategy, transparency, was generated from 
one of the principles mentioned in Chapter 3 (Figure 4.21. East elevation). To 
provide a connection to the garden, a wall with the same rhythm of the 
windows has been created on the south fagade (Figure 4.22, South elevation). 
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Figure 4.19. Relationship of the garden, Future Park (A), and Liu Kung Stream (8) 
(i.e., see Figure 4.5) 
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Figure 4.20. Second floor plan 
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Figure 4.21. East elevation 
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Figure 4.22. South elevation 
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A number of large glass windows were used to admit natural light in 
order to get the nature light into the fitness center, a great amount of big size 
glass windows were used. This design strategy - transparency is from one of 
the principles mentioned in Chapter 3 (Figure 4.22, East Elevation). To make 
the connection to the garden, on the south fac;ade, a wall with the same 
rhythm of the windows has been created (Figure 4.21, South elevation). 
3. Third to eighth floor (Figure 4-23) 
The same layout was created in this module. It contains two studios, a 
one-bedroom apartment, and a two-bedroom apartment. Like the first floor and 
the second floor, this module has many windows to bring in natural light. In 
order to achieve the maximum usage of the space, the design followed Floyd 
Wright's central core concept (spatial layering, Chapter 3). In addition, the 
repeating the module followed the principle of modularity. 
4. Parking 
A common method for solving the problem of the tiny space of the site, 
is to use a car elevator; Figure 4.24 illustrates a typical parking elevator 
garage. The elevator needs to be positioned at either the north or south side of 
the site to make the parking workable. The parking plan is shown in Figure 
4.25. The parking floor accommodates 10 cars and 17 motorcycles. 
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Figure 4.23. Third to eighth floor plan 
Figure 4.24. Parking elevator garage 
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Figure 4.25. Parking plan 
Structure and material 
The structure for the apartment building is a single concrete floor slab using 
reinforced concrete with steal bars, which is the most common and least expensive 
building method in Taiwan. As illustrated in the west section of the building (Figure 
4.26), the main material of the building will be glass, concrete, and brick tile. For a 
project of this shape and building height, concrete could be used efficiently 
depending upon accurate calculation. 
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Figure 4.26. West section 
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CHAPTER 5. Conclusion 
"Smaller dwellings will increase opportunities for better design 
because small spaces can intensify the architectural experience." 
James Gauer 
This chapter summarizes the concepts, objectives, and design strategies 
developed in this thesis. The concepts and objectives were generated through case 
studies done in Chapters 2 and 3; strategies were explored through the design 
exercises. Each of them are explained in short and elaborated through diagrams in 
the followings. 
Concept 
The main concept of the design in this study was to develop a new design 
strategy for maximum usage of a small space in residential housing. From the 
research in Chapter 2 and 3, several aspects were generated for application in this 
design strategy which elaborated in this chapter. 
Objectives 
Three objectives (i.e., theoretical parts) guided this research: 
1. Provide a comfortable space by using different design methods. 
2. Apply an efficient design for space-saving. 
3. Experiment using different materials in an efficient design. 
Theoretical 
Theory was applied to the design of a space-saving apartment design in this 
study. First, why is providing a comfortable space needed in efficiently designed 
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residential housing? When applying an efficiently-designed residential housing 
project in a high-density location, the site and floor area for the project are usually 
small. Thus, according to the definition of comfortable, "providing or experiencing 
physical well-being or relief" (http://dictionary.reference.com/ search?r= 2&q= 
comfortable), when people live in a limited space, the smaller the space is , the 
harder it is to be comfortable. However, it is hard to define each person's feelings and 
degree of comfortableness. For example, a person who is 7 ft in height may feel 
uncomfortable in a space with an 8 ft ceiling whereas someone who is 5 ft tall might 
be quite comfortable. There will still be some criteria to evaluate the level of comfort 
such as: intensity of light, acoustics, humidity, and temperature and human scale. 
Second, how does one apply efficient design for space saving? Several 
methods are used to attain this goal. First, in the structure and layout of the space, 
one must attempt to create multifunctional space. For example, a bedroom can be a 
working space in the daytime. In this study, an additional space-saving concept was 
also considered. The parking garage was designed to use an automatic elevator in 
order to provide additional parking spaces. 
Third, why does one need to experiment with different materials in an efficient 
design? On the one hand, the cost of different materials may affect the cost of the 
entire building. For example, using EIFS (Exterior Insulation and Finish Systems) for 
the fac;ade of the building is much cheaper than using the real stone. On the other 
hand, by applying different materials (Figure 5.1 ), a small space can distinguish its 
boundary. 
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Figure 5.1 . Creative uses of different materials for flooring 
Practical 
According to the survey results shown in the appendix, three practical needs 
(i.e. , practical parts) were fulfilled in this study: 
1. Safety: The first and second floors were designed as mixed public and private 
areas for the apartment. However, the first and second floors were primarily for 
the residents in the apartment, with a security counter and a separation of the 
parking space in the basement. This ensured the safety of the residents. 
2. Affordability: Since the main concept of the design was to attain maximum 
usage of the space, in a 4105 sq ft area, the project provided four units with 
four different types of apartments. Therefore , for the design needs to provide 
an accurate estimate accurate of the building costs, a related survey and study 
were completed in advance. The main concept was to provide maximum 
usage of space in a limited area. When both the building cost and floor area 
are considered together in an efficient design, then the apartment becomes 
more affordable to the occupants. 
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3. Tranquility: In order to provide a quiet space for inhabitants, the first and 
second floors were designed to be a mixed public and private space. This 
strategy can release some noise for the people live above the third floor. 
Importance of Case Studies in Design 
This study applied case studies of apartments and principles in the design 
process. Two issues were considered during the design processes: (a) development 
of the design program; and (b) forms integral to the design. These two issues interact 
with each other. In order to achieve balance, the designer must understand and gain 
some ideas (Chapter 2) and apply the principles of small space design (Chapter 3). 
The principles presented in Chapter 3 were the key points used to design and 
organize a small space. Figure 5.2 illustrates the objectives of this research. The 
green button illustrates the theoretical objectives presented in Chapter 1 for the 
design of an efficient apartment. The blue button shows the practical objective also 
presented in Chapter 1 as needing to be completed for this design project. 
Figure 5.3 illustrates the principles and ideas from Chapter 2 and 3. The red 
buttons illustrate the ideas presented in Chapter 2. The idea obtained from parking 
space in the condo suggests placement of the parking space in lower level that can 
increase the safety of the private occupants of the building. In particular, this project 
contains an elevator for vehicles which also demonstrates the objective of space 
saving. 
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The idea of "center and copy/repeat" suggests designing the elevator and 
stairs in the center of the building to maximize the space usage. The repeated units 
can reduce the redundant design and building cost. In addition, simplicity can also 
reduce the redundant design in the design of an efficient apartment. 
The orange buttons illustrates the principles obtained from Chapter 3. 
1 . Proportion, Scale, and Modular: When designing a residential housing within 
a limited area, an appropriate balance in proportion and scale of each 
individual architectural element in the house are important. The "right" 
proportion of each element forms a room, and a sequence of rooms using the 
"right" scale forms a modular apartment. 
2. Transparency: In order to create an illusion of a larger space, transparency 
can be used as a design strategy. For example, a non-barrier wall can 
distinguish the spaces and also create an illusion of a larger space to make 
people feel more comfortable. 
3. Spatial Layering: As discussed previously, by applying different materials, a 
small space can distinguish its boundary. Creating different spatial layers by 
different materials attained the objective of Material Application. However, in 
this design, the interior part has not been completed. Thus, an image is 
provided to as an illustration from the previous case studies. Meanwhile, as 
discussed previously," In order to provide a quiet space for inhabitants, the 
first and second floors were designed to be a mixed public and private space. 
This strategy can release some noise for the people live above the third 
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floor." Defining 1 F and 2F as one space layer and 3F to 8F as another the 
space layer enabled attaining the objective of "Tranquility" 
4. Multifunctionalism: The examples shown in Figure 5.3 also indicate an 
illustration from the previous case studies. By using multifunctional furniture 
and appliances, or designing a multifunctional room, each can fulfill the 
objective of space-saving and affordability (i.e., lowering the cost of buying 
extra furniture or appliance). 
Recommendations for Future Research 
Due to an increase in city populations, more people will need efficient design 
to maximize space while considering other features that affect quality of life. Based 
on the outcome of this research, some ideas and suggestions can be considered for 
future designers in efficient apartment design. 
1. Focus on the "right" proportion and scale of each space. 
2. Design the space to be modules. 
3. Define the comfort zone of each factor such as intensity of light, acoustic 
level, comfort zone of humidity and temperature, and human scale. 
4. Introduce natural light, and use windows and mirrors to create the illusion of 
larger space. 
5. Use a variety of materials or different heights of flooring to distinguish spaces 
from one another based on usage. 
6. Remove barriers between each space and create transparent walls (see 
Figure 5.2) 
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7. Design repeated simple shapes for each room and building, and reduce 
redundant walls and fancy furniture. 
8. Use multifunctional appliances and furniture to save space. 
Limitations 
The apartment designed in this research was for a specific location to blend 
in the surroundings and meet the needs of a specific population in the large 
metropolitan city of Taipei. Although these suggestions may not be applicable to all 
residential housing or small house design, they are the important keys in the 
process of designing an efficient apartment. 
Conclusion 
Through the process of this study, the term efficient design can be 
summarized as a design method that focuses on the right proportion, scale, and 
modular to create the maximum usage of space. Several design methods were 
researched to create a harmonious and useful living space, and address several 
issues on creating a comfort zone, selecting material and achieving 
multifunctionalism within a space. In the future, as growth of the population and 
limitations in land use continue, efficient design will become a trend and more 
designers will enter this area to develop specific methods and modules to evaluate 
the efficiency of design. Additional creative designs by architects will be needed to 
achieve better and more efficient designs in the future. This thesis serves as a 
starting point in this regard; hopefully, it has effectively accomplished the objectives. 
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APPENDIX. SURVEY QUESTIONNAIRE RESULTS 
1. What is the average rental fee (per month) for a studio? 
The average rental fee is around $375 
2. What is the average size for a studio? 
The average size of the studio is about 100 square-feet 
3. What is the most apartment building type in the near area? 
The most apartment building type in the near area is 4-8th floor height building 
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